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A  constant  characteristic  of  growth  of  Pneumococcus  in  media 
containing  blood  is  the  production  of  a  color  change  in  the  b]ood 
pigment.  Gilbert and  Fournier  (1)  (1896)  observed that the growth 
of  Pneumococcus  in  defibrinated  rabbit  blood  causes  a  greenish 
brown  discoloration  of  the  medium.  By  spectroscopic  examination 
they ascertained that this was due to the presence of methemoglobin. 
Much  has  been  written  concerning  the  mechanism  of  this  phe- 
nomenon. 
Grttter (2)  (1909) confirmed the original observation of Gilbert and Fournier 
and found that the substance responsible for the reaction is extractable from the 
bacterial bodies; that it is thermolabile; and that it can be demonstrated occa- 
sionally, though not constantly, in filtrates of cultures and of bacterial extracts. 
Butterfield and Peabody (3) (1913) ma.de the first quantitative study of the action 
of pneumococci on blood, employing spectrophotometric methods.  They Showed 
that when blood is acted upon by pneumococci its oxygen capacity is markedly 
reduced, and concluded that this is due to the transformation of oxyhemoglobin 
to  methemoglobin  by  the  organisms.  Although  the  work  of  Butterfield 
and  Peabody concerned  itself  more with  the  action  of the living organism  on 
blood  than  with  the  identification  or  nature  of  the  reactive  substance,  they 
found  that  an  active  principle,  which  induces  these  blood  changes, is present 
in  sterile  filtrates  of  autolyzed  cultures.  On  the other hand, Cole (4) (1914) 
found  that  no  production  of  methemoglobin  occurred  when  sterile  filtrates 
of  pneumococcus  cultures  were  added  to  hemoglobin  solutions  prepared  by 
laking  red  blood  cells,  and  concluded  that the phenomenon occurs only in the 
presence of the living organism.  Stadie  (5)  (1921)  also  found  that  methemo- 
globin  was  not  produced  when  sterile  filtrates  of  pneumococcus  cultures 
were  added  to  oxyhemogiobin  solutions.  Rieke  (6)  (1904),  studying  a 
similar  type  of  blood  change  induced  by  streptococci,  felt  that  methe- 
moglobin formation is the result of physiological cell function and is intimately 
associated with the life processes of the organisms themselves, since neither culture 
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filtrates nor killed organisms produced the reaction.  Schnabel (7) (1921) was able 
to  demonstrate  the  production  of methemoglobin by sterile  filtrates  of blood 
broth cultures of Pnenmococcus. 
Recently it has been shown that hydrogen peroxide occurs in cultures of Pneu- 
mococcus and that this substance is capable of causing the pigment change (8-10). 
The  compound  makes its  appearance,  under  certain  well  defined  conditions, 
during the logarithmic phase of growth of the cultures and, even in the absence 
of organisms, is capable of converting solutions of crystalline oxyhemoglobin into 
methemoglobin (11).  This conversion occurs, however, only when the oxyhemo- 
globin solution contains no catalase. 
Despite  the  disagreement  among earlier workers concerning  methemoglobin 
formation in the absence of the living cell, Neill and Avery (12) (1924) have con- 
clusively shown that this reaction may be brought about by sterile extracts of 
Pneumococcus.  Extracts were prepared from anaerobically grown pneumococci 
by repeatedly freezing and thawingthe cells.  Throughout the preparation the ex- 
tracts were protected from air, and were finally filtered in a nitrogen atmosphere. 
These sterile preparations, if stored in the absence of oxygen, possessed the power 
of forming peroxide when exposed to  air  (13),  of actively reducing methylene 
blue (14), of consuming molecular oxygen (12), of oxidizing pneumococcus hemo- 
toxin  (15),  and  of  converting  to  methemoglobin the  oxyhemoglobin prepared 
from laked red blood cells  (12).  Methemoglobin formation by these  extracts 
seemed dependent upon the interaction of two distinct factors, each of which is 
separably inac[ive.  One of these, an intracellular, labile substance, is present in 
the saline extracts of washed cells.  The other factor essential to the system is 
heat-stable and may be obtained from non-bacteriM sources,  as yeast extract and 
meat infusion.  From  the  experimental evidence available, it  is inferred  that 
methemoglobin formation by this  system involves an  initial  deoxygenation of 
oxyhemoglobin and a union of free oxygen with some  autoxidizable  substance. 
The peroxide thus formed serves as the actual oxidizing agent in the conversion of 
the hemoglobin to methemoglobin.  The mechanism of methemoglobin formation 
by pneumococcus extracts is interpreted as an oxidation process in which deoxy- 
genation of oxyhemoglobin and peroxide formation occur as intermediary reac- 
tions.  The active agent of the oxidation of hemoglobin is  considered  to be a 
peroxide of bacterial origin.  The systems responsible for methemoglobin forma- 
tion and the other oxidation-reduction processes were found to retain their activity 
for long periods of time if the extracts were protected from air.  Upon exposure 
to atmospheric oxygen, however, their activity is rapidly destroyed.  This loss 
of activity is apparently due to the action of peroxide or other oxidizing  agents 
which are formed in the extract when oxygen is available. 
From  the  facts  presented  in  previous  reports  (10,  12-16)  it  be- 
comes  evident  that  the  following  considerations  must  be  kept  in 
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marion  by  the  filtrates  of  pneumococcus cultures.  (1)  Hydrogen 
peroxide accumulates during the active, aerobic growth of Pneumococ- 
cus and also during the oxidation of sterile extracts of Pneumococ- 
cus.  Methemoglobin formation by concentrations of hydrogen per- 
oxide such as are present under these circumstances occurs only in 
the absence of blood catalase.  (2)  A labile constituent of the bac- 
terial cell is concerned in the conversion of catalase-containing solu- 
tions of oxyhemoglobin by sterile pneumococcus extracts.  This cell 
constituent is itself susceptible to oxidizing agents and may be ren- 
dered inactive if exposed to peroxides or similar substances, previous 
to its introduction into oxyhemoglobin solutions. 
With these distinctions in mind, the  conditions essential  for met- 
hemoglobin formation by  sterile  culture filtrates  may be predicted 
with  some  degree  of  certainty.  If  a  culture  of  Pneumococcus is 
filtered during the logarithmic phase of growth, the filtrate will con- 
tain only soluble products of growth and little or none of the actual 
intracellular  substances.  One soluble product of growth is  hydro- 
gen peroxide and it is known that this substance causes the forma- 
tion  of methemoglobin from  crystalline oxyhemoglobin in  the  ab- 
sence  of  catalase.  The  occurrence of peroxide is  dependent upon 
the  free  access  of  air  to  the  culture fluid.  If  cultures  are  grown 
under  anaerobic  conditions,  this  substance  is  not  formed.  On 
the other hand,  filtrates  of cultures which have passed  the period 
of  active  growth  and  are  undergoing autolysis  will  contain  those 
intraceUular  substances which are  liberated  during celt  disintegra- 
tion.  It has been shown that hydrogen peroxide destroys certain of 
the  intracellular  substances  in  pneumococcus extracts.  It  would 
seem,  then,  that in  attempting to  demonstrate the activity of the 
intracellular constituents free in the fluid of autolyzing pneumococ- 
cus cultures, care should be taken to prevent the formation of perox- 
ide during growth.  The ability  of  culture  filtrates  to  form  met- 
hemoglobin in  the  presence  of  catalase  may depend, therefore, not 
only upon whether the filtrates  contain the necessary intracellular 
substances, but also upon whether these substances have been pro- 
tected from products of oxidation  (peroxides)  which are known to 
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a  comparative  study  has  been made  of filtrates  of young unauto- 
lyzed  and  of  old  autolyzed  cultures,  grown  both  anaerobically  and 
aerobically. 
Materials. 
Hemoglobin Solutlons.--Two preparations of hemoglobin were used.  The first 
was made by laking red blood corpuscles in distilled water; the hemoglobin solu- 
tion was diluted in phosphate solution pH 7.5 to a final hemoglobin concentration 
of 1 raM.  The second preparation consisted  of a  solution  of crystalline hemo- 
globin,  catalase-free,  in phosphate solution pH 7.8.  The final hemoglobin  con- 
centration was 1 n~Y 
Media and Cultures.--Plain broth pH 7.8 was employed.  For anaerobic cultures 
the incubation was carried out in an anaerobic jar or the medium sealed with a 
thick layer of melted vaseline.  Stock strains of pneumococci of Types I, II, and 
III and of Group IV were used. 
EXPERIMENTAL. 
Methemoglobin  Formation  by  Filtrates  of  Actively  Growing Cul- 
tures.--In  agreement  with  the  observations  of  Cole  it  was  found 
that  bacteria-free  filtrates  of  young  unautolyzed  cultures of  Pneu- 
mococcus,  grown  aerobically  or  anaerobically,  do  not  possess  the 
ability  to  form  methemoglobin  from  solutions  of  oxyhemoglobin 
prepared from faked red blood ceils containing catalase. 
It has  been shown  that,  under optimal  conditions, hydrogen per- 
oxide is  demonstrable  during  the  logarithmic period  of growth  and 
that  simultaneously  with  its  occurrence the  bacteria-free filtrate of 
the culture acquires the property of changing crystalline hemoglobin, 
containing  no  catalase,  to  methemoglobin  (11).  A  further  study 
was made of the relation between the presence of peroxide and  met- 
hemoglobin formation by filtrates of young cultures.  To prevent the 
occurrence  of  demonstralbe  peroxide  in  the  culture  fluids  the  or- 
ganisms  were grown both anaerobically and in the presence of plant 
tissue.  As  a  control,  to  demonstrate  the  action  of  peroxide-con- 
taining filtrates,  a  third culture was grown in broth with free access 
i Unless  otherwise  stated,  the tests for methemoglobin  formation were made 
by adding 0.5 cc. of the filtrates to be tested to 0.5 cc. of the hemoglobin solution 
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of  air;  that  is,  under  circumstances  favoring  peroxide  production. 
The  three  cultures  were  passed  separately  through  Berkefeld  filters 
and the filtrates immediately added to solutions of catalase-free hemo- 
globin. 
Experiment  1.--50 cc. of plain broth pH 7.8 were placed in each of three 250 cc. 
Erlenmeyer flasks.  To one of  these flasks pieces of  sterile unheated potato were 
added (17, 18).  The.flasks were.then seeded with 0.5 cc. of an 8 hour plain broth 
culture of Pneumococcus Type II.  The culture containing plant tissue (Culture 
B) and one of the plain broth cultures (Culture A)  were incubated at 37°C.  at 
atmospheric oxygen tension.  The other culture in plain broth  (Culture C)  was 
incubated  under  anaerobic  conditions  in  Brown's modified anaerobic  jar.  At 
the end of 8 hours incubation, the cultures were filtered and tests were performed 
for  the  presence  of  peroxide  2 and  for  methemoglobin-forming activity.  The 
results of the experiment are given in Table I. 
TABLE  I. 
Relation  of  the Presence of  Peroxide in Pneumococcu5 Filtrates to the Formation 
of Methemoglobin from Catalase-Free Oxyhemoglobin (Crystalline). 
Broth culture of Pneumococcus Type n. 
Aerobic (A). 
"  (B) (with vegetable tissue). 
Anaerobic (C). 
Age of culture. 
hrs. 37"C. 
8 
8 
8 
Filtrate. 
Methemoglobin 
formed from 
Peroxide  test.  catalase-free 
oxyhemoglobin 
(crystaUine). 
Positive.  + 
Negative. 
From the results given in Table I, it is clear that Berkefeld filtrates 
of  cultures  of  Pneumococcus  actively growing  under  conditions un- 
favorable  for  the  formation  or  accumulation  of  peroxide,  do  not 
possess  the  ability of transforming catalase-free oxyhemoglobin into 
methemoglobin. 
The  thermolability  of peroxide in  broth  culture  filtrates  has  been 
discussed  in a  previous paper  (10).  It has been shown that when a 
9. The test for peroxide used in this work is as follows:  0.5 cc. of the fluid to be 
tested is placed in a small test-tube.  A piece of fresh unheated potato, 1 by 0.5 
cc., is utilized as the peroxidase.  This is immersed in the fluid and 2 or 3 drops 
of freshly prepared saturated glacial acetic acid solution of benzidine are added. 
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peroxide-containlng filtrate is subjected to 100°C., the peroxide rap- 
idly  disappears  and  that  after the destruction of the peroxide the 
filtrate no longer possesses  the property of forming methemoglobin. 
Since the filtrates of young aerobic cultures behave, as regards the 
benzidine test, like dilute solutions of hydrogen peroxide,  the  met- 
hemoglobin-forming property of this reagent was tested, various con- 
centrations in broth being used.  It was fol~nd that hydrogen  peroxide, 
when  added  to  broth,  causes  methemoglobin formation  in  solu- 
tions  of oxyhemoglobin containing no  catalase.  This phenomenon 
parallels the presence of the benzidine test for peroxide; both reac- 
tions occur when broth contains 0.003 per cent H~O2.  Faint reac- 
tions were obtained with broth containing 0.002 per cent H20,. 
To  summarize,  it  has  been  shown  that  filtrates  of  young,  un- 
autolyzed pneumococcus cultures,  grown  either  aerobically or  an- 
aerobically, do not possess  the ability to convert a  solution of oxy- 
hemoglobin,  prepared  from laked  red  blood  cells  and  containing, 
therefore, abundant catalase, into methemoglobin.  However, aerobic 
cultures  grown  under  conditions  favorable  for  the  formation and 
accumulation of hydrogen peroxide yield filtrates which convert a 
solution  of  catalase-free  oxyhemoglobin  to  methemoglobin.  This 
pigment change is dependent upon the peroxide in such filtrates. 
Methemoglobin Formation by  Filtrates of  Autolyzing  Cultures.-- 
When pneumococcus cultures are grown with a large surface area of 
culture fluid  directly exposed to air, and allowed to autolyze under 
aerobic  conditions,  no  substance  accumulates in  the  culture  fluid 
which is  capable of converting an oxyhemoglobin solution contain- 
ing catalase into methemoglobin. 
When, by the use of anaerobic methods, the accumulation of  ox- 
idation products (peroxides) is prevented, a substance, or substances, 
appear free in the autolyzing fluid which, even in the presence of the 
catalase  of  red  blood  corpuscles,  cause  methemoglobin formation. 
The following experiment was devised to show whether the substance, 
or substances, which are responsible  for the formation of methemo- 
globin in the presence of abundant catalase are liberated only upon 
autolysis of the cells  and whether they can be  demonstrated only 
when precautions are  taken to prevent their destruction by oxida- 
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100 cc. of plain broth were placed in each of three 500 co. Erlenmeyer flasks 
and in each of three 100 cc. Florence flasks.  In the Erlenmeyer flasks the broth 
reached a  depth of about 3 cm., while in the Florence flasks the medium com- 
pletely  filled  the  vessels  to  the  neck.  The latter were placed in boiling water 
for  15  minutes,  sealed  with  5  cc. of melted vaseline, and immediately cooled. 
Each flask was seeded with 0.5 cc. of a 6 hour plain broth culture of Pneumococcus 
Type II.  Thus, three aerobic and three anaerobic cultures were obtained. 
After 8 hours incubation, at a time when growth was at its height,  one aerobic 
and one anaerobic culture were removed from the incubator and passed through 
a  Berkefeld filter.  In  the filtration of the anaerobic culture care was taken to 
avoid excessive aeration by carrying out the procedure in an atmosphere of nitro- 
MeJhemoglobin  Formation  in 
TABLE  II. 
the  Presence of  Blood Cakdase by Pneumococcua 
Filtrates. 
Broth culture of 
Pneumococc~ Type n. 
Aerobic. 
Anaerobic. 
Age of culture. 
~#.37°C. 
8 
72 
192 
8 
72 
192 
Peroxide test. 
Positive. 
Negative.* 
Filtrate. 
Methemoglobin formed 
in solutions of laked 
blood ceils (containing 
catalase). 
+ 
+ 
*The peroxide formed in aerobic cultures  is  unstable  and  may be no longer 
demonstrable after 6 to 12 days of incubation. 
gen.  0.5 cc. quantities of each of the filtrates were placed in tubes containing an 
equal volume of a hemoglobin solution freshly prepared from laked rabbit blood 
cells.  The tests were incubated for 1 hour in a water bath at 37  ° C.  The presence 
or absence of methemoglobin was then determined by macroscopic and  spectro- 
scopic examinations. 
Similarly, at the end of 72 and 192 hours incubation the remaining aerobic and 
anaerobic cultures were examined in the same manner. 
The results of the experiments are given in Table II. 
From  Table  II  it  is  seen  that  as  in  preceding  experiments,  no 
methemoglobin  formation  results  when  61trates  of  either  young  or 
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taining catalase.  Likewise, the filtrates of young anaerobic cultures 
of Pneumococcus do not contain methemoglobin-forming  substances. 
However,  when  a  pneumococcus culture is  allowed  to  proceed  to 
the  stage  of  autolysis under anaerobic  conditions  a  substance,  or 
substances, appear in the filtrate which convert oxyhemoglobin into 
methemoglobin independent of the presence of catalase. 
It  has  been  previously  noted  (16) that  variations occur in the 
readiness with which different strains of pneumococci form peroxide 
and that these differences are reflected in the methemoglobin-forming 
properties  of  sterile  extracts  prepared  from  these  strains  (12). 
Similar  quantitative  variations  have  been noted in  the  study of 
methemoglobin formation by sterile autolysates.  It was found that 
with  certain strains of pneumococci, 0.1 cc. of the filtered autolysate 
of an  anaerobic  culture  sufficed  to  convert 0.5 cc. of  the standard 
hemoglobin solution to methemoglobin, while with other strains the 
addition of five times this amount was necessary before the phenom- 
enon  became  demonstrable.  It  is noteworthy that the autolysates 
most  active  in  this respect were derived from strains of  organisms 
which, during growth, formed peroxide more abundantly, and which, 
when  their  cells  were  put  into  solution by artificial methods, as 
freezing  and thawing, gave the most active methemoglobin-forming 
extract. 
DISCUSSION. 
A review of the literature  on the subject of methemoglobin forma- 
tion by pneumococci reveals a lack of agreement concerning both 
the interpretation  of this  phenomenon and the definition  of the con- 
didons under which it occurs. Attempts to demonstrate this  pig- 
ment change with sterile  culture filtrates  have led,  until  recently,  to 
irregular  or negative results.  A  study of the phenomenon has been 
presented in recent articles from this laboratory.  One of these deals 
with methemoglobin formation by sterile extracts of Pneumococcus 
(12);  the other with methemoglobin formation by sterile culture ill- 
trates  (11).  In  the  light  of  this  work it  seemed advisable  to  re- 
study the phenomenon directing attention especially to  (1)  cultural 
conditions such as the age of the culture and the oxygen tension of 
the medium and (2) the influence of the presence or absence of cata- 
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The transformation of oxyhemoglobin to methemoglobin has been 
demonstrated with the ceil-free filtrates of cultures grown under two 
distinct sets of conditions, (1)  young, well aerated cultures and  (2) 
autolyzed, anaerobic cultures. 
Under the first set of cultural conditions, the organisms are in the 
active phase  of  cell growth,  undergoing little  or no autolysis;  the 
medium is fully exposed to air during growth; i.e., the ratio of surface 
area  to  total  volume of culture flu/d is large.  This results in  the 
formation of hydrogen peroxide which has  been  shown  to  change 
catalase-free  oxyhemoglobin to  methemoglobin.  However,  when  a 
solution of laked blood ceils is employed, the peroxide in the filtrate 
is promptly destroyed by the blood catalase and methemoglobin is 
not  formed.  It  seems  unlikely,  therefore,  that  this  type  of reac- 
tion,  dependent solely upon the presence of preformed peroxide in 
this  filtrate,  and  operative only in  the absence of blood  catalase, 
represents  the  actual  mechanism by  which  the  transformation of 
oxyhemoglobin to  methemoglobin is  effected by  the bacterial  ceil 
itself. 
It has been shown that under the second set of cultural conditions, 
there is present in the filtrates a system which is indifferent to blood 
catalase and which converts oxyhemoglobin to methemoglobin, even 
when the former is prepared from faked red blood corpuscles.  This 
system includes a substance which is endocellular in origin and labile 
in nature, and is demonstrable only in filtrates of cultures which are 
autolyzing and which have been maintained under greatly reduced 
oxygen tension or under strictly anaerobic conditions.  As might be 
expected, these filtrates behave in  a  manner identical with that of 
the sterile extracts prepared by Avery and Neiil.  The intracellular 
substances were obtained in solution in  the extracts  by artificially 
rupturing the wails of young ceils; they are present in the filtrates of 
cultures as a  result of cell autolysis.  When the pneumococcus cells 
are removed  (by filtration)  from  the  culture fluid before autolysis 
has  occurred,  the filtrate  does not contain  these endoceilular sub- 
stances.  It  seems likely  then  that  extracts  of pneumococcus cells 
and filtrates  of autolyzed pneumococcus cultures differ chiefly in the 
concentration  of  the  endocellular  substances.  Methemoglobin  is 
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during the oxidations induced by  these substances, for if,  as in  the 
case  of the bacterial  extracts,  the endocellular substances undergo 
oxidation  before  the  addition of blood, no pigment change results. 
The complete  methemoglobln-forming system of  Pneumococcus 
extracts has been shown to consist of two factors.  One is thermo- 
labile and derived from the pneumococcus cell; the other is thermo- 
stable and not necessarily of pneumococcus origin.  Since the latter 
is contained in meat infusion, it was furnished by the medium em- 
ployed in  the present work.  As in  the case of other endoceUular 
substances of Pneumococcus (viz., the enzymes and hemotoxin) the 
thermolabile  component of  the  methemoglobin-forming system  is 
liberated in  the  culture fluid during cell autolysis.  Although this 
system is liberated during autolysis of both aerobic and anaerobic 
cultures, in  the former instance it is rapidly destroyed by  the ox- 
idizing agents  (peroxides)  which are  formed as  a  result of oxygen 
exposure.  Under anaerobic conditions, on the other hand, the forma- 
tion of oxidizing agents does not occur; the thermolabile component 
is  not  destroyed,  and,  when  complemented by  the  stable  factor, 
these substances together constitute an  oxidation-reductlon system 
which endows the filtrate with the methemoglobin-forming  function. 
It  seems likely  that  this  system is  responsible for  methemoglobin 
formation not  only  by  extracts  and  autolysates  of pneumococcus 
cells,  but by the living organism itself. 
CONCLUSIONS. 
I. Sterile  filtrates  of aerobic cultures  of pneumococcus which con- 
tain hydrogen peroxide are capable of converting catalase-free  solu- 
tions of crystalline  oxyhemoglobin into  methemoglobin.  This action 
is dependent upon the hydrogen peroxide in the filtrates  and occurs 
only in the absence of blood catalase. 
2. In catalase-containing  solutions  of hemoglobin from inked cor- 
puscles,  the actual methemoglobin-forming system of Pneumococcus 
involves a labile  constituent of the bacterial  cell. This intracellular 
substance  is  itself  susceptible  to  oxidizing  agents  and may be  rendered 
inactive, if exposed to peroxide or similar substances previous to 
its introduction into  oxyhemoglobin solutions. The activity  of this 
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depends,  therefore, upon  the liberation of cell constituents into  the 
medium  and  upon  the  protection  of  these  cellular  substances  from 
the  oxidizing agents which are formed when pneumococcus cultures 
are  freely exposed  to  air.  When  these  cultural  conditions  are  ful- 
filled, sterile culture filtrates of Pneumococcus convert oxyhemoglobin 
into  methemoglobin independent  of  the presence  of blood  catalase. 
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